which are small proteins originally identified in bacteriophages. Holins facilitate the release of phage particles from infected bacteria during viral-induced cell lysis [Young, 2014] . They have been used for a variety of medical and industrial purposes [Gao et al., 2013; Yan et al., 2013] and have numerous physiological functions in noninfected bacterial and eukaryotic cells [Saier and Reddy, 2015] . They are exceptionally diverse in sequence, topology, and mechanism of action [Catalao et al., 2013; Young, 2013] . They have been classified within seven superfamilies, but many holin families, all belonging to subclass 1.E in TCDB, are not members of these superfamilies [Reddy and Saier, 2013] . We apply PhyST to the characterization of the 58 holin families currently included in TCDB. Table 1 presents the properties of 58 holin families obtained using the PhyST program. These small integral membrane proteins form 'holes' in bacterial membranes, allowing the release of endolysins [Wang et al., 2000; Young and Blasi, 1995] . They have sizes ranging from less than 50 amino acyl residues (aas) to over 200 aas with 1-4 transmembrane segments (TMSs) [Reddy and Saier, 2013] . Family sizes range from just a few proteins retrieved from the NCBI NR protein database, to over 2,000 proteins, depending on the family ( table 1 ) . While the majority of these proteins are derived from Proteobacteria, Firmicutes, and double-stranded DNA (dsDNA) viruses, several have been isolated from other bacterial phyla, and a few are from eukaryotes and Archaea; they can serve a variety of cellular functions [Saier and Reddy, 2015] . The bacterial phyla from which these holins have been identified are tabulated in tables 1 and 2 . In decreasing order of prevalence, these phyla are: Proteobacteria (21 families), Firmicutes (20 families), Actinobacteria (9 families), Chloroflexi, Fusobacteria, and Spirochaetes (4 families each), Deinococcus-Thermus (3 families), Bacteroidetes, Cyanobacteria, and Tenericutes (2 families each), and Acidobacteria and Thermotogae (1 family each). Fourteen bacterial phyla are listed in table 2 . It should be recalled that phylum representation is probably related to the intensity with which that phylum has been studied as well as the frequency with which genomes of representative members have been sequenced. Consequently, the results should not be interpreted strictly in terms of the phyla most frequently subject to holin action. Figure 1 presents the 58 holin families according to average protein size, and correlates size with numbers of TMSs. It can be seen that there is not an absolute correlation as some of the smallest proteins have 2 TMSs and some of the largest proteins have only 1 TMS or 2 TMSs. Nevertheless, there is a general correlation. For the most part, the transmembrane domains of 1-4 TMSs represent the entirety of these proteins. Extra soluble domains probably resulted from fusions between dissimilar domains, but the occurrence of such fusions is rare. These fusions will be considered in the next section.
Results

Properties of 58 Holin Families
Correlation of Protein Size with Topology
Fusions of Holins with Other Protein Domains
The program allows the identification of homologues whose sequences are, for example, two, three, or four times longer than the average size observed for members of a holin family. Many of these were examined manually. Twenty-three fusion proteins, judged to probably be genuine rather than artifactual, were identified from a pool of about 105,000 total proteins, representing about 0.2% (1 in 500). In virtually all such 'oversized' proteins, the holin domain was either N-terminal or C-terminal, but never in the middle of the proteins. Many other large proteins appeared to be artifacts arising due to the erroneous loss of translational termination (stop) codons, probably due to sequencing errors (these are not included in table 1 ). These putative artifactual proteins were usually found in single copy in the entire NCBI NR protein database. The most common of the apparently genuine fusions were holins fused to cell wall lysins, particularly in phage, where these two proteins are usually encoded by adjacent genes within an operon [Shi and Sun, 2012; Young, 1992] . However, other fusions involved holins linked to other protein domains including putative antiterminators, proteases, amidases, aminotransferases, transglycosylase-associated domains, and domains of unknown function [Ortega et al., 2012; Reddy and Saier, 2013] (e.g. 1.E.40.5.1 and 1.E.2.1.11). In a few cases, the longer proteins resulted from intragenic duplication of a holin domain, giving rise, for example, to a 4-TMS holin from a 2-TMS holin (see proteins with TC No. 1.E.18.1.9 and 1.E.18.1.10, as well as 1.E.36.6.2 and 1.E.36.6.3). It was concluded that holins are rarely fused to other protein domains, suggesting that these proteins form transmembrane pores as homooligomers without the participation of other proteins or protein domains [Wang et al., 2003 ]. Family numbers represent the TC number under subclass 1.E.
Conclusions
We have described how PhyST tabulates a variety of familial characteristics including (1) average protein sequence length with standard deviation, (2) average number of TMSs, (3) total number of homologues retrieved, (4) a list of all source phyla, and (5) candidate fusion proteins. PhyST is able to give researchers a statistical picture of homologous proteins that comprise the families. Researchers can use PhyST as a preliminary tool to study the diversity of protein properties within a family. We have applied this program to 58 families of holins currently in TC subclass 1.E. Our results show that holins very rarely fuse to other protein domains, implying that holins form transmembrane pores as homooligomers without the participation of other proteins or protein domains. Although this program was designed for use in the characterization of (putative) transport protein families, it should be noted that it can be applied to any family of proteins found in nature. We hope PhyST will prove to be value for many purposes.
Methods
Compatibility
PhyST has been tested on Ubuntu Linux 14.04+, OS X 10.11 Capitan, and Windows 8. PhyST requires the same modules as the BioV suite of programs [Reddy and Saier, 2012] . The full list of modules and external dependencies required to run PhyST, as well as details regarding their installation, can be found online (http:// biotools.tcdb.org/barphyst.html). In addition, the website provides a tutorial illustrating how to run PhyST and suggests types of analysis that can be performed on the output produced by this program.
The PhyST Program: Description and Functionality
PhyST relies on PSI-BLAST used with an established member of the family of interest as the input sequence to retrieve homologues. In order to capture a large fraction of the sequence diversity among family members, it may be necessary to run PSI-BLAST using two or more iterations. The program (filename: physt.py) takes one or more TC family number(s) (i.e. 1.E.1, 1.E.2, 1.E.3, etc.) as input, and retrieves the sequence of one member of each family in order of appearance in TCDB. Thus, the program selects the first protein of that family (e.g. 1.E.1.1.1) to conduct PSI-BLAST searches, unless an alternative TC protein number is given (i.e. 1.E.1.2.3). If it is not possible to access the sequence of the first family member, due to network-related errors, PhyST skips that protein and moves on to the next one (e.g. 1.E.1.1.2). Once PhyST finds a protein that returns PSI-BLAST hits, it exits PSI-BLAST and starts calculating the statistics for the homologues retrieved. PhyST discards all proteins smaller than a minimal cutoff length relative to the length of the query (by default the minimal cutoff length is 50%, but can be adjusted to any value) with the purpose of eliminating fragmentary sequences and false positives. PhyST then computes the number of TMSs inferred for each protein using HMMTOP [Tusnady and Simon, 2001] and outputs the total number of protein homologues from every phylum found as well as the average sequence length with standard deviation and the average number of TMSs. It also predicts putative fusion proteins, which are defined as proteins that are at least twice the average length of the BLAST hits retrieved. 
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The sequences of homologous proteins retrieved by PSI-BLAST can be useful to perform additional analyses (e.g. construction of multiple alignments, plotting average hydropathy, amphipathicity and similarity, construction of phylogenetic trees, etc.). For this reason, PhyST provides a file with all the sequences of the homologues retrieved in FASTA format. If specified by the user, PhyST can run any multiple alignment program, but the default program is ClustalΩ. The details regarding these functions can be found on the program's website (http://biotools.tcdb.org/ barphyst.html).
Basic Usage
From the Unix terminal, the program runs by typing ./physt. py, followed by the TC number of the family (i.e. 1.E.1). The user can customize several parameters including E-value, number of iterations, the minimal sequence length of PSI-BLAST hits relative to the query protein, etc. The program is available for download in the biotools section of TCDB as an addition to the BioV suite of programs [Reddy and Saier, 2012; Zhai and Saier, 2001a, b] . Furthermore, the website offers a tutorial with several examples illustrating usage of the command line options with links to sample output files.
PhyST is also able to process other types of protein families that are not necessarily listed in TCDB. For this purpose, the user needs to provide one or more files with sequences in FASTA format, and each file will be used by PhyST to extract data it normally processes for any TCDB family. However, if more than one protein is chosen to represent a family, it must first be established that all such proteins are homologous [Park and Saier, 1996] .
A sample results page is provided in the supplementary materials for a holin family (1.E.5 which is equivalent to inputting 1.E.5.1.1) (online suppl. appendix 1; for all online suppl. material, see www.karger.com/doi/10.1159/000448040). This presents a visual representation of the data returned by physt.py. 
